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ABSTRACT 
 
Tacticity Control of Polypropylene Using a C2-Symmetric Family of Catalysts. 
(December 2007) 
Nathan Prentice Rife, B.S., McMurry University 
Chair of Advisory Committee: Dr. Stephen A. Miller 
 
 A family of C2-symmetric catalysts was designed and synthesized with the 
intent to polymerize propylene. The catalyst was designed to be C2-symmetric for the 
specific goal that the catalyst would have two identical sites for the propagation of 
the polymer and therefore eliminate some of the stereoerrors that occur in the 
propagation of the polymer chain. This catalyst would also operate under simple 
enantiomorphic site control and therefore the insertion of the monomer would be 
governed by the ligand surrounding the active site. The ligands were synthesized 
with increasing degrees of steric bulk with the intention to determine if a catalyst 
system could generate elastomeric polypropylene. 
 Enantiomorphic site control polypropylene utilizes statistical methods to 
determine the Si and Re content of a given polymer chain as a function of the 
variable . Polypropylene samples generated by the catalyst family were analyzed 
using high temperature pentad analysis of the methyl region to calculate the  value. 
The goal was to observe  to be equal to 0.78 provided that the number molecular 
weight of the polymer was 100,000. The catalyst systems generated polymers with 
iv
values higher and lower than the desired 0.78, indicating too high or too low 
enantioselectivity of the catalyst systems respectively at Tp = 0°C. 
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CHAPTER I 
INTRODUCTION  
Polyolefins continue to grow in demand and production every year.1 This 
commodity was fist discovered in 1898 when Hans von Pechmann heated diazomethane 
and formed a waxy white solid that he called polymethylene;2 we now refer to the same 
material as polyethylene due to the use of ethylene as the monomer. The first industrial 
synthesis of polyethylene was discovered, also by accident, in 1933 by Eric Fawcett and 
Reginald Gibson at Imperial Chemical Industries.3 The two mixed ethylene and 
benzaldehyde together and subjected it to ~1400 atmospheres at 175 °C in an effort to 
observe the effects of high pressure and temperature. They produced a white waxy solid 
as well, but these results were difficult to reproduce. In 1935, Michael Perrin realized 
that the reaction of Fawcett and Gibson had been initiated by trace amounts of oxygen 
and therefore explained the reproducibility problems.4 Further experiments led to the 
first reliable industrial process for the polymerization of ethylene.  
Years later, in the 1950s, Karl Ziegler discovered the ability to produce 
polyolefins at lower temperatures and pressures by adding certain transition metals.5 At 
the same time, Giulio Natta was also reporting the use of Ziegler catalysts for 
stereoselective polymerizations such as that shown in Figure 1.1.6 These men made it 
possible to synthesize polyolefins with higher molecular weight and better control of 
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Society. 
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Figure 1.1: Typical Ziegler-Natta-type heterogeneous system for the polymerization of 
propylene. 
microstructure than that of the radical polymerization processes that preceded them.7 In 
1963, Ziegler and Natta shared the Nobel Prize in Chemistry for their contributions to 
olefin polymerization. 
 
 
 
Later research in the field of Ziegler-Natta catalysts found that there were two 
main components needed for the catalyst system to be active.8,9 First there must be a 
transition metal, typically from groups 4-8. Second there should be some type of Lewis 
acid present to activate the transition metal, typically AlClxRy.10  
However, the heterogeneous Ziegler-Natta catalyst systems had two big 
disadvantages. First was that there were broad molecular weight distributions. Secondly, 
though the catalysts could be stereoselective, it was still difficult to determine if a 
catalyst would yield isotactic, syndiotactic or atactic polymer.11,12  Since polymers differ 
greatly in their properties as a result of both molecular weight and tacticity, it fueled 
research into homogeneous catalyst systems. In particular, metallocene and ansa-
metallocene catalysts are capable of producing tactic polymers by discriminating 
between the enantiofaces of the -olefin monomer.13 This was demonstrated by Ewen 
3
with his Me2C(5-C5H4)(5-C13H8)ZrCl2/MAO catalyst system, shown in figure 1.2, that 
generated syndiotactic polypropylene.14 
 
 
Elastomers are an important subclass of polyolefins.  Typically, elastomers are 
made using two different monomers as an ABA block copolymer.1 Typically, the A 
block gives crystallinity to the polymer allowing the polymer to return to its original 
shape while the B block allows the polymer to stretch without tearing.  Combined 
together these blocks can create an elastomeric polymer.  However, some monomers, 
such as propylene, are capable of giving both a rigid and a pliable polymer as 
determined by the tacticity. Isotactic polypropylene is highly crystalline and therefore 
very rigid; however atactic polypropylene tends to be amorphous and stretches easily.  
The development of elastomeric polypropylene depends on limiting the isotactic 
character of the polypropylene to generate poorly crystalline isotactic polypropylene.  
By using a metallocene catalyst, isotactic stereoblocks can be generated in a polymer 
Figure 1.2: Ewen pre-catalyst for the polymerization of propylene. 
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chain with atactic stereoblocks in between, giving both the rigidity and the stretch that is 
needed to obtain a polymer such as elastomeric polypropylene (ePP).   
Some of the metallocene catalyst systems that have been designed with the intent 
of synthesizing ePP have focused on using indene. The typical observation for ansa-bis-
(indenyl) zironocenes is that these catalyst systems will form isotactic polypropylene 
with isotactic content ranging from very low to quite high.15 The best known example of  
 
 
these types of catalysts is Brintzinger’s rac-[ethylene(1-indenyl)2ZrCl2 which is shown 
in Figure 1.3.16 Substitution in the 2 position ( to the bridge) increased the 
stereoregularity of the polymer as well of the molecular weight.  This discovery led to 
the first zirconocenes able to compete with the Ti-based industrial catalysts which was 
similar to the C2-symmetric halfnocenes developed by Ewen.13 
The advantage to the C2-symmetric bis-indenyl ansa-zirconocenes is that they 
have two equivalent sites for polymerization.  However, the major drawback to the 
synthesis of these species includes the inevitable generation of the meso form shown in 
Figure 1.4, which is difficult to remove and tends to produce low molecular weight 
Figure 1.3: Brintzinger’s ansa-zirconocene for the polymerization of propylene. 
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atactic polypropylene.  Although the meso form does have a considerably lower activity 
than the rac form, the activity is still large enough to be nonnegligable. Also, the 
synthesis of these systems requires multistep, low overall yield synthetic routes.17,18 This 
thesis will focus on the development of bis-indenyl ansa-metallocene catalysts, as well 
as the use of these catalysts for the synthesis of elastomeric polypropylene. 
 
 
 
 
 
 
 
 
Figure 1.4: The rotation around the backbone of the ligand causes the formation of 
the rac and meso diastereomers of the ansa-bis-indene zirconocenes. 
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CHAPTER II 
DESIGN AND SYNTHESIS OF A FAMILY OF C2-SYMMETRIC 
CATALYSTS 
Introduction 
 In 1988, Ewen was one of the first to develop a homogeneous catalyst system 
capable of generating tactic polymers utilizing a catalyst such as Me2C(5-C5H4)(5-
C13H8)ZrCl2.13 This research led to several catalyst systems being investigated that 
are capable of polymerizing propylene with varying tacticity from highly isotactic to 
highly syndiotactic such as those shown in figure 2.1. The use of an ansa-bis-
indenylmetallocene catalyst system polymerizes propylene with varying degrees of  
 
Figure 2.1: Waymouth’s unbriged catalyst for polymerization of propylene21 
and Resconi’s C2-symmetric catalyst for the polymerization of propylene.23 
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isotactic character. Low levels of  isotactic character causes the polymer to be named 
poorly isotactic, low crystalline polypropylene.19 This material, also described as 
elastomeric polypropylene, has sparked a large interest as it allows polypropylene to 
extend to areas that need transparency, toughness and softness.20 Varying approaches 
have been taken to develop a catalyst system capable of generating polypropylene. 
Waymouth and Coates worked on unbridged metallocene catalysts.21,22  Most 
recently, Resconi discovered the use of C2v and C2-symmetric ansa-metallocenes 
which yield amorphous polypropylene with a partial isotactic microstructure.19,23  
 When looking at the different approaches for forming elastomeric 
polypropylene (ePP), several different models have proven successful. However, the 
tacticity of polymer from a catalyst designed for enantiomorphic site control 
polypropylene is based on a single parameter. 24 Enantiomorphic site control statistics 
assumes that  = Psi, which is the probability that the Si face of the polymer will be 
inserted.  Therefore, we also know that Pre = (1-) which is the probability that the re 
face of the  olefin will be inserted. Thus when  = 0.5, atactic polypropylene is 
formed and both the Si and Re faces of the -olefin are inserted equally.24 
 An isotactic block can be represented in a general fashion using a sequence of 
si face insertions and re face insertions. The typical definition of an isotactic block of 
polypropylene is a series of si insertions capped on each end by a re insertion or vice 
versa. Thus for enantiomorphic site control polypropylene the isotactic block can be 
viewed as (re)(si)(n)(re) where n is the number of repeating si insertions. We can then 
8
determine the probability of an isotactic block of length n (Pn) of either si insertions 
or re insertions since, Psi =  and Pre = (1- ) as shown in Equation 2.1. 
  Pn = (1- )2 ()n + ()2(1- )n Equation 2.1 
 Then utilizing Equation 2.1 above, we can determine the number of isotactic 
blocks of length n present in a polymer given by Nn = Pn(DP) where DP is the degree 
of polymerization, which equals the number-average molecular weight divided by the 
monomer molecular weight (42.08 g/mol for propylene) thus giving Equation 2.2 
where  is equal to the enantiofacial selectivity parameter, and Mn is the number 
molecular weight for the polymer. 
  Nn = ((1- )2()n + ()2(1-)n)(Mn/42.08) Equation 2.2 
Using this equation we can determine that if we have a polymer chain with a number 
average molecular weight of 100,000 we should, on average, see 2.83 isotactic 
stereoblocks with 21 or more isotactic repeat units to the block when  = 0.78. 
Having a catalyst system capable of polymerizing propylene with  = 0.78 is key to 
synthesizing ePP, since it indicates that the polymer will, on average, have 2.83 
isotactic stereoblocks per chain giving low crystallinity to the polymer, ~3%. The 
low percentage of crystallinity is vital to elastomeric polypropylene because 
polypropylene with five or ten percent crystallinity is shown to be too crystalline and 
therefore unable to stretch. This classifies the polymer as low crystalline, poorly 
isotactic amorphous polypropylene and therefore highly likely to be elastomeric.24  
 Utilizing the known properties of C2-symmetric ansa-metallocenes23 a series 
of catalyst systems was designed and synthesized that are C2-symmetric and
9
therefore have two equivalent sites for propagation of the polymer chain.  By 
changing the substitution on the ligand, the enantioselectivity of the active site 
should change in a predicable manner to tune catalyst to produce polypropylene 
where  = 0.78. 
Results and Discussion 
 Two different methods were examined as methods to synthesize the ligands.  
The first option was to develop the ligand via a benzofulvene.  In this situation the 
corresponding ketone of the desired substituent on the indene ring was reacted with 
indene in the presence of pryrrolidine as shown in figure 2.2.25 The reaction was 
stirred for 48 hours at room temperature in methanol resulting in the benzofulvene.  
However, the reaction  
 
 
often resulted in high levels of impurities that could not be removed via extraction;  
therefore the product was isolated through Kugelrohr distillation.  This often resulted 
Figure 2.2: Typical synthesis of a benzofulvene25 
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in a significant loss of final product and was also often incapable of removing all of 
the impurities despite repeated distillations on the purified fractions. The 
benzofulvene would then be reduced using lithium aluminum hydride and then 
purified again. This two step procedure typically resulted in very low yields of the 
substituted indene. The other possibility for synthesizing the substituted indene  
 
 
focused on the use of the lithium salt of indene and an alkyl reagent with a leaving 
group (such as a halogen or tosylate) to facilitate an SN2 reaction as shown in figure 
2.3.26 Under these conditions, the reaction produced clean substituted indenes with 
higher yields that that of the benzofulvene route. 
 Careful consideration was taken when choosing the substituents for the indene 
ring.  If the substituent was too small it would produce polypropylene with atactic 
character due to the lack of governing for the monomer’s approach to the active site.  
If the substituent was too large, the catalyst would only synthesize isotactic 
polypropylene due it would prevent the possibility of a misinsertion. The key was to 
find a substituent that would influence the insertion of the monomer enough to 
generate a polymer that would have roughly two isotactic blocks per polymer chain 
Figure 2.3: Typical synthesis of the substituted indene with indenyl lithium.26 
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whereas the rest of the polymer chain could take any tacticity provided it was not 
crystalline isotactic polypropylene.24 If the substituent can govern the catalytic site 
well enough to give the catalyst 78% enantiofacial selectivity the catalyst would be 
able to generate a polymer that had these properties and should therefore be 
elastomeric.  Therefore catalysts were designed at both extremes and the steric bulk 
was dialed in from there to find a catalyst that was capable of producing the desired 
results. 
 The next step in the catalyst synthesis was to determine the bridge between 
the two indenes.  There were three distinct possibilities that were examined including 
 
 
 a methylidene bridge, an isopropylidene bridge, and a dimethyl silane bridge as 
shown in Figure 2.4. The methylidene bridge couples the two substituted indenes 
together by dissolving the substituted indene in a solution of catalytic potassium tert-
butoxide in dimethylformamide then injecting formalin slowly.27 After stirring for 4 
hours at room temperature, the reaction was poured over ice and ammonium chloride 
Figure 2.4: The three possible ligands from left to right: methylidene bridge, 
isopropylidene bridge and dimethylsilane bridge. 
12
then extracted into ether. The isopropylidene bridge couples the two substituted 
indenes by dissolving the substituted indene in a solution of potassium hydroxide in 
dimethoxyethane then injecting acetone slowly.28 After stirring for 4 hours at reflux 
the product was collected with a water and ether extraction. When forming these 
ligands however, we encountered a similar problem as with the benzofulvenes.  The 
product was very impure and a major portion of the product was lost in attempts to 
remove the impurities. The third type of bridge that was investigated was the 
dimethylsilane bridge.29 This bridge was inserted using the lithium salt of the 
subsituted indene and reacting it with dichlorodimethylsilane. This method produced 
clean ligands which rarely needed purification. Therefore, the dimethylsilane bridge 
was used, despite that its limited stability in air and water. 
 Metallation of the dilithium salt of the ligand generated two diastereomers, 
shown in figure 2.5 of the catalyst, the rac and the meso, which were typically 
isolated in equal ratios.15,16,30 The diastereomers were typically separated from each 
other by filtering a concentrated solution of the mixture in toluene.  The less soluble  
Figure 2.5: The undesired meso catalyst and the desired rac catalyst. 
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meso diastereomer was removed from the desired rac diastereomer which stayed in 
solution. In rare cases, both diastereomers were soluble in toluene, but following the 
above procedure with benzene proved to be successful for the separation of the 
diastereomers.31 
 The synthesis of dimethylsilylbis(3-(2-adamantyl)indene)zirconium 
dichloride was attempted; however, the rac diastereomer was unable to be isolated by 
the above method due to a lack of differential solubility of the isomers in various 
solvents. A new synthesis procedure was developed with the intention of isolating 
solely the rac isomer of the catalyst. Zirconium tetrachloride bistetrahydrofuran 
adduct was used in the metallation step as patent literature indicated that the donating 
THF would cause the exclusive formation of the rac diastereomer.32 However, when 
the reaction was performed we observed a mixture of the diastereomers as before. 
Following the procedure further it suggests recrystallizing the catalyst repeatedly out 
of THF to remove all of the meso diastereomer; however, the rac and meso crashed 
out proportionally and pure rac diastereomer was not obtained. A second alternative 
was to perform a transmetallation using Me3SnCl.33 However, other literature 
suggested that it would not be a viable method as it was also cited to give a mixture 
of the diastereomers.34 
 The rac-dimethylsilyl-bis(3-benzhydrylindene)zirconiumdichloride catalyst 
was the only catalyst that was isolated and then not reported on for polymerization 
activity. This is because we observed that the catalyst did not readily dissolve in 
toluene which caused difficulty when generating stock solutions. 
14
 
Experimental 
 Materials.  Typically all liquids were dried using either magnesium sulfate or 
calcium hydride and vacuum transferred to a clean, dry flask. All solids were 
subjected to dynamic vacuum for more than 30 minutes to remove any water prior to 
use. 
 Synthesis of 3-isopropylindene. In a nitrogen filled glove box, 4.012 g 
(0.0246 mol) of 2-bromopropane was charged to a 200 mL recovery flask and diluted 
with 50 mL of diethyl ether. In a separate flask, 3.306 g (0.0258 mol) of indenyl 
lithium was dissolved in an additional 50 mL of diethyl ether and transferred into the 
recovery flask.  The recovery flask was sealed to the atmosphere with a 180° needle 
valve and put on a vacuum line to stir under nitrogen for 72 hours. The solvent was 
then removed in vacuo and returned to the glove box where the product was 
dissolved in 100 mL of pentane in the recovery flask and was attached to a swivel 
frit. The solution was then filtered to remove all lithium bromide. The product was 
isolated by removing the solvent in vacuo to yield 3.012 grams for a 48.32% yield. 
1H NMR (CDCl3):  1.1-1.2 (m, 6H, CH3, both isomers), 1.2-1.3 (m, 1H, CH, both 
isomers), 3.2-3.5 (m, 1H, CH of both isomers), 5.9 (m, 1H, Cp CH of both isomers), 
6.2 (m, 1H, Cp CH of both isomers), 7.0-7.6 (m, 4H, Ind CH of both isomers). 
 Synthesis of bis(3-isopropylindene)dimethylsilane. In a nitrogen filled 
glove box, 3-isopropylindene (3.012 g) was charged to a 200 mL recovery flask and 
15
dissolved in 100 mL of diethyl ether. The flask was equipped with a 180° needle 
valve and was then moved to a vacuum line and put under positive nitrogen pressure. 
The solution was chilled to 0°C and then 8.6 mL (1.1 eq. 2.2 M in hexanes) of n-
butyl lithium was injected slowly. The reaction was allowed to stir for 2 hours at 0° 
C and then warmed to room temperature and stirred for an additional twelve hours. 
1.2 mL (0.5 eq.) of dichlorodimethylsilane was then injected slowly into the recovery 
flask.  The reaction was sealed and allowed to stir for an additional twelve hours. The 
solvent was then removed in vacuo to yield the title compound in 93% yield. 1H 
NMR (C6D6):  -0.5 (s, 6H, SiCH3 of one diastereomer), -0.3 (s, 6H, SiCH3 of other 
diastereomer), 1.2-1.3 (m, 6H, CH3 of both diastereomers), 1.4-1.5 (m, 2H, CH of 
both diasteromers), 3.4 (m, 1H, Cp CH from both diastereomers), 5.9 (apparent 
singlet, 1H, Cp CH from one diasteromer), 6.1 (apparent singlet, 1H, Cp CH from 
one diasteromer), 7.1-7.5 (m, 4H, Ind CH of both diastereomers) 
 Synthesis of dimethylsilyl(3-isopropylindene)zirconiumdichloride. Bis(3-
isopropylindene)dimethylsilane (4.002 g) was charged to a 200 mL recovery flask 
equipped with a 180° needle valve flushed with nitrogen and then dissolved with 100 
mL of diethyl ether via vacuum transfer. 8.6 mL (1.1 eq., 2.2 M in hexanes) of n-
butyl lithium was then injected slowly as the reaction warmed to room temperature. 
The reaction was allowed to stir for 12 hours while slowly warming to room 
temperature. The diethyl ether was then removed in vacuo to yield the dilithium salt 
of the ligand which was transported to a nitrogen filled glove box. The recovery flask 
was then charged with 2.284 g of zirconium tetrachloride and 100 mL of diethyl 
16
ether. The reaction was then returned to the vacuum line to stir for 24 hours. The 
solvent was removed in vacuo and the reaction was again returned to the glove box 
where the title compound was dissolved in toluene and the recovery flask was 
attached to a swivel frit. The swivel frit was put back onto the vacuum line and 
flipped to remove all lithium chloride from the reaction. The swivel frit was washed 
repeatedly to remove all catalyst from the lithium chloride filter cake. The toluene 
was then removed in vacuo and diethyl ether was added via vacuum transfer. The 
solution was concentrated until the catalyst crashed out of solution and then the 
swivel frit was flipped again to isolate the catalyst as a mixture of isomers (1.75 g, 
48% yield). 1H NMR (C6D6):  -0.45 (s, 3H, SiCH3, meso diastereomer), -0.35 (s, 
6H, SiCH3, rac diastereomer), -0.2 (s, 3H, SiCH3, meso diastereomer), 1.1-1.2 (m, 
12H, CH3 both diasteromers), 1.2-1.3 (m, 2H, CH both diastereomers), 5.75 (s, 1H, 
Cp CH, meso diastereomer), 5.9 (s, 1H, Cp CH, rac diastereomer), 6.8-7.6 (m, 4H, 
Ind CH, both diastereomers). 
 Isolating rac-dimethylsilyl(3-isopropylindene)zirconiumdichloride. In a 
nitrogen filled glove box, the mixture of isomers of dimethylsilyl(3-
isopropylindene)zirconiumdichloride was charged to a 50 mL recovery flask and 
dissolved in toluene. The solution was attached to a swivel frit and put on a vacuum 
line. The solution was concentrated down until a powder crashed out of solution and 
then filtered without washing. The solvent was removed in vacuo and the filter cake 
was identified as the meso isomer, the residue in the lower part of the frit was 
identified as the rac isomer. The lower residue was dissolved in diethyl ether and 
17
attached to a swivel frit. The solution was concentrated down until the rac isomer 
crashed out of solution. The swivel frit was flipped and the title compound was 
isolated. 1H NMR (C6D6):  -0.35 (s, 6H, SiCH3), 1.1 (d, 12H, CH3), 1.2 (q, 2H, CH), 
5.9 (s, 1H, Cp CH, rac diastereomer), 6.8 (dd, 2H, Ind CH), 6.9 (dd, 2H, Ind CH), 
7.25 (d, 2H, Ind CH), 7.4 (d, 2H, Ind CH). 
 Synthesis of 3-cyclopentylindene. In a nitrogen filled glove box, 4.013 g 
(.0384 mol) of cyclopentylchloride was charged to a 200 mL recovery flask and 
diluted with 50 mL of diethyl ether. In a separate flask, 4.673 g (.0383 mol) of 
indenyl lithium was dissolved in an additional 50 mL of diethyl ether and transferred 
into the recovery flask.  The recovery flask was sealed to the atmosphere with a 180° 
needle valve and put on a vacuum line to stir under nitrogen for 72 hours. The 
solvent was then removed in vacuo and returned to the glove box where the product 
was dissolved in 100 mL of pentane in the recovery flask and was attached to a 
swivel frit. The solution was then filtered to remove all lithium bromide. The product 
was isolated by removing the solvent in vacuo to yield 4.286 grams for a 53% yield. 
1H NMR (CDCl3):  1.0-1.3 (m, 2H, CH2 from cyclopentyl ring, both isomers), 1.4-
2.0 (m, 6H, CH2 from cyclopentyl ring), 2.0-2.3 (m, 1H, CH from cyclopentyl ring), 
3.4-3.5 (m, 1H, CH of both isomers), 6.6 (m, 1H, Cp CH of both isomers), 6.9 (m, 
1H, Cp CH of both isomers), 7.2-7.6 (m, 4H, Ind CH of both isomers). 
 Synthesis of bis(3-cyclopentylindene)dimethylsilane. In a nitrogen filled 
glove box, 3-cyclopenylindene (4.286 g, 0.0226 mol) was charged to a 200 mL 
recovery flask and dissolved in 100 mL of diethyl ether. The flask was equipped with 
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a 180° needle valve and was then moved to a vacuum line and put under positive 
nitrogen pressure. The solution was chilled to 0°C and then 8.7 mL (1.1 eq. 2.85 M 
in hexanes) of n-butyl lithium was injected slowly. The reaction was allowed to stir 
for 2 hours at 0°C and then warmed to room temperature and stirred for an additional 
twelve hours. 1.3 mL (0.5 eq.) of dichlorodimethylsilane was then injected slowly 
into the recovery flask.  The reaction was sealed and allowed to stir for an additional 
twelve hours. The solvent was then removed in vacuo to yield the title compound in 
97% yield. 1H NMR (C6D6):  -0.6 (s, 6H, SiCH3 of one diastereomer), -0.35 (s, 6H, 
SiCH3 of other diastereomer), 1.0-2.2 (m, 18H, CH2 and CH of cyclopentyl ring of 
both diastereomers), 3.4 (m, 2H, Cp CH from both diastereomers), 5.9 (apparent 
singlet, 1H, Cp CH from one diasteromer), 6.2 (apparent singlet, 1H, Cp CH from 
one diasteromer), 7.0-7.6 (m, 4H, Ind CH of both diastereomers). 
 Synthesis of dimethylsilylbis(3-cyclopentylindene)zirconium dichloride. 
Bis(3-cyclopentylindene)dimethylsilane (5.101 g) was charged to a 200 mL recovery 
flask equipped with a 180° needle valve flushed with nitrogen and then dissolved 
with 100 mL of diethyl ether via vacuum transfer. 8.7 mL (1.1 eq., 2.85 M in 
hexanes) of n-butyl lithium was then injected slowly as the reaction warmed to room 
temperature. The reaction was allowed to stir for 12 hours while slowly warming to 
room temperature. The diethyl ether was then removed in vacuo to yield the 
dilithium salt of the ligand which was transported to a nitrogen filled glove box. The 
recovery flask was then charged with 2.633 g of zirconium tetrachloride and 100 mL 
of diethyl ether. The reaction was then returned to the vacuum line to stir for 24 
19
hours. The solvent was removed in vacuo and the reaction was again returned to the 
glove box where the title compound was dissolved in toluene and the recovery flask 
was attached to a swivel frit. The swivel frit was put back onto the vacuum line and 
flipped to remove all lithium chloride from the reaction. The swivel frit was washed 
repeatedly to remove all catalyst from the lithium chloride filter cake. The toluene 
was then removed in vacuo and diethyl ether was added via vacuum transfer. The 
solution was concentrated until the catalyst crashed out of solution and then the 
swivel frit was flipped again to isolate the catalyst as a mixture of isomers (1.841 g, 
51% yield). 1H NMR (C6D6):  -0.5 (s, 3H, SiCH3, meso diastereomer), -0.35 (s, 6H, 
SiCH3, rac diastereomer), -0.15 (s, 3H, SiCH3, meso diastereomer), 1.2-2.4 (m, 18H, 
CH2 and CH of cyclopentyl ring both diasteromers), 5.7 (s, 1H, Cp CH, meso 
diastereomer), 5.9 (s, 1H, Cp CH, rac diastereomer), 6.8-7.6 (m, 4H, Ind CH, both 
diastereomers). 
 Isolating rac-dimethylsilylbis(3-cyclopentylindene)zirconium dichloride. 
In a nitrogen filled glove box, the mixture of isomers of dimethylsilylbis(3-
cyclopentylindene)zirconium dichloride was charged to a 50 mL recovery flask and 
dissolved in benzene. The solution was attached to a swivel frit and put on a vacuum 
line. The solution was concentrated down until a powder crashed out of solution and 
then filtered without washing. The solvent was removed in vacuo and the filter cake 
was identified as the meso isomer, the residue in the lower part of the frit was 
identified as the rac isomer. The lower residue was dissolved in diethyl ether and 
attached to a swivel frit. The solution was concentrated down until the rac isomer 
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crashed out of solution. The swivel frit was flipped and the title compound was 
isolated. 1H NMR (C6D6):  -0.35 (s, 6H, SiCH3), 1.4 (tt, 8H, CH2 of cyclopentyl 
ring), 1.6 (dt, 8H, CH2 of cyclopentyl ring), 2.0 (tt, 2H, CH of cyclopentyl ring), 5.9 
(s, 1H, Cp CH, rac diastereomer), 6.8 (dd, 2H, Ind CH), 7.1 (dd, 2H, Ind CH), 7.3 (d, 
2H, Ind CH), 7.5 (d, 2H, Ind CH). 
 Synthesis of 3-cyclohexylindene. In a nitrogen filled glove box, 4.012g 
(0.0246 mol) of bromocyclohexane was charged to a 200 mL recovery flask and 
diluted with 50 mL of diethyl ether. In a separate flask, 3.306 g (0.0268 mol) of 
indenyl lithium was dissolved in an additional 50 mL of diethyl ether and transferred 
into the recovery flask.  The recovery flask was sealed to the atmosphere with a 180° 
needle valve and put on a vacuum line to stir under nitrogen for 72 hours. The 
solvent was then removed in vacuo and returned to the glove box where the product 
was dissolved in 100 mL of pentane in the recovery flask and was attached to a 
swivel frit. The solution was then filtered to remove all lithium bromide. The product 
was isolated by removing the solvent in vacuo to yield 2.932 grams for a 54.03% 
yield. 1H NMR (CDCl3):  0.9-2.2 (m, 11H, CH2 and CH from cyclohexyl ring, both 
isomers) , 3.4-3.5 (m, 1H, CH of both isomers), 6.6 (m, 1H, Cp CH of both isomers), 
6.9 (m, 1H, Cp CH of both isomers), 7.2-7.6 (m, 4H, Ind CH of both isomers). 
 Synthesis of bis(3-cyclohexylindene)dimethylsilane. In a nitrogen filled 
glove box, 3-cyclohexylindene (2.932 g, 0.0147 mol) was charged to a 200 mL 
recovery flask and dissolved in 100 mL of diethyl ether. The flask was equipped with 
a 180° needle valve and was then moved to a vacuum line and put under positive 
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nitrogen pressure. The solution was chilled to 0°C and then 5.7 mL (1.1 eq. 2.85 M 
in hexanes) of n-butyl lithium was injected slowly. The reaction was allowed to stir 
for 2 hours at 0°C and then warmed to room temperature and stirred for an additional 
twelve hours. 0.9 mL (0.5 eq.) of dichlorodimethylsilane was then injected slowly 
into the recovery flask.  The reaction was sealed and allowed to stir for an additional 
twelve hours. The solvent was then removed in vacuo to yield the title compound in 
89% yield. 1H NMR (C6D6):  -0.6 (s, 6H, SiCH3 of one diastereomer), -0.4 (s, 6H, 
SiCH3 of other diastereomer), 1.1-1.5 (m, 12H, CH2 of cyclehexyl ring of both 
diastereomers), 1.6-1.9 (m, 8H, CH2 of cyclohexyl ring of both diasteromers), 1.9-2.1 
(m, 2H, CH of cyclohexyl ring of both diastereomers), 3.4 (d, 1H, Cp CH from both 
diastereomers), 5.9 (apparent singlet, 1H, Cp CH from one diasteromer), 6.1 
(apparent singlet, 1H, Cp CH from one diasteromer), 7.1-7.5 (m, 4H, Ind CH of both 
diastereomers). 
 Synthesis of dimethylsilylbis(3-cyclohexylindene)zirconium dichloride. 
Bis(3-cyclohexylindene)dimethylsilane (3.101 g) was charged to a 200 mL recovery 
flask equipped with a 180° needle valve flushed with nitrogen and then dissolved 
with 100 mL of diethyl ether via vacuum transfer. 5.7 mL (1.1 eq., 2.85 M in 
hexanes) of n-butyl lithium was then injected slowly as the reaction warmed to room 
temperature. The reaction was allowed to stir for 12 hours while slowly warming to 
room temperature. The diethyl ether was then removed in vacuo to yield the 
dilithium salt of the ligand which was transported to a nitrogen filled glove box. The 
recovery flask was then charged with 1.713 g of zirconium tetrachloride and 100 mL 
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of diethyl ether. The reaction was then returned to the vacuum line to stir for 24 
hours. The solvent was removed in vacuo and the reaction was again returned to the 
glove box where the title compound was dissolved in toluene and the recovery flask 
was attached to a swivel frit. The swivel frit was put back onto the vacuum line and 
flipped to remove all lithium chloride from the reaction. The swivel frit was washed 
repeatedly to remove all catalyst from the lithium chloride filter cake. The toluene 
was then removed in vacuo and diethyl ether was added via vacuum transfer. The 
solution was concentrated until the catalyst crashed out of solution and then the 
swivel frit was flipped again to isolate the catalyst as a mixture of isomers (1.021 g, 
51% yield). 1H NMR (C6D6):  -0.4 (s, 3H, SiCH3, meso diastereomer), -0.35 (s, 6H, 
SiCH3, rac diastereomer), -0.2 (s, 3H, SiCH3, meso diastereomer), 1.0-2.2 (m, 22H, 
CH2 and CH of cyclohexyl ring both diasteromers), 5.7 (s, 1H, Cp CH, meso 
diastereomer), 5.9 (s, 1H, Cp CH, rac diastereomer), 6.8-7.6 (m, 4H, Ind CH, both 
diastereomers). 
 Isolating rac-dimethylsilylbis(3-cyclohexylindene)zirconium dichloride. In 
a nitrogen filled glove box, the mixture of isomers of dimethylsilylbis(3-
cyclohexylindene)zirconium dichloride was charged to a 50 mL recovery flask and 
dissolved in toluene. The solution was attached to a swivel frit and put on a vacuum 
line. The solution was concentrated down until a powder crashed out of solution and 
then filtered without washing. The solvent was removed in vacuo and the filter cake 
was identified as the meso isomer, the residue in the lower part of the frit was 
identified as the rac isomer. The lower residue was dissolved in diethyl ether and 
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attached to a swivel frit. The solution was concentrated down until the rac isomer 
crashed out of solution. The swivel frit was flipped and the title compound was 
isolated. 1H NMR (C6D6):  -0.35 (s, 6H, SiCH3), 1.1 (tt, 4H, CH2 of cyclohexyl 
ring), 1.3 (tt, 8H, CH2 of cyclohexyl ring), 1.6 (dt, 8H, CH2 of cyclohexyl ring), 2.2 
(d, 2H, CH of cyclohexyl ring), 5.9 (s, 1H, Cp CH, rac diastereomer), 6.8 (dd, 2H, 
Ind CH), 7.0 (dd, 2H, Ind CH), 7.3 (d, 2H, Ind CH), 7.5 (d, 2H, Ind CH). 
 Synthesis of 3,3,5,5-tetramethylcyclohexanol. In a nitrogen-filled glove 
box, a 500 mL round bottomed flask was charged with 9.23 g (0.243 mol) of lithium 
aluminum hydride and dissolved in 100 mL of diethyl ether. The round bottomed 
flask was equipped with an 150 mL addition funnel charged with 25 g (0.162 mol) of 
3,3,5,5-tetramethylcyclohexanone dissolved in 125 mL of diethyl ether. The reaction 
apparatus was taken into a hood and put under a flow of dried nitrogen gas and the 
round bottomed flask was cooled to 0°C.  The contents of the addition funnel were 
added dropwise over an hour and the reaction was then stirred for eight hours, slowly 
warming to room temperature. The title compound was isolated to obtain 20.012 g 
for a 67.2% yield. 1H NMR (CDCl3):  0.9 (s, 6H, CH3), 0.95 (s, 6H, CH3), 1.2 (m, 
2H, CH2), 1.9 (d, 4H, CH2), 2.8 (s, 1H, CHOH). 
 Synthesis of 3,3,5,5-tetramethylcyclohexyltosylate.35 A 500 mL round 
bottomed flask was charged with 20.012 g of 3,3,5,5-tetramethylcyclohexanol, 
56.969 g of p-toluenesulfonic chloride and 250 mL of pyrridine. The reaction was 
stirred for 8 hours. The title compound was extracted with three 100 mL portion of 
diethyl ether.  The ether layer was then washed with 100 mL 2M HCl, 100 mL 
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sodium bicarbonate, 150 mL water, 100 mL brine, independently and in that order. 
Then dried with magnesium sulfate, filtered and the solvent was removed in vacuo to 
yield 16.024 g of the title compound. 1H NMR (CDCl3):  0.9 (s, 6H, CH3), 0.95 (s, 
6H, CH3), 1.1-1.3 (m, 2H, CH2), 1.6 (d, 3H, CH3), 4.7 (m, 1H, CHS), 7.3 (d, 2H, 
CH), 7.8 (d, 2H, CH). 
 Synthesis of 3-(3,3,5,5-tetramethylcyclohexyl)indene. In a nitrogen filled 
glove box, 10.843g (0.0349 mol) of 3,3,5,5-tetramethylcyclohexyltosylate was 
charged to a 200 mL recovery flask and diluted with 50 mL of diethyl ether. In a 
separate flask, 4.264 g (0.0349 mol) of indenyl lithium was dissolved in an additional 
50 mL of diethyl ether and transferred into the recovery flask.  The recovery flask 
was sealed to the atmosphere with a 180° needle valve and put on a vacuum line to 
stir under nitrogen for 72 hours. The solvent was then removed in vacuo and returned 
to the glove box where the product was dissolved in 100 mL of pentane in the 
recovery flask and was attached to a swivel frit. The solution was then filtered to 
remove all lithium bromide. The product was isolated by removing the solvent in 
vacuo to yield 3.709 grams for a 42.10% yield. 1H NMR (CDCl3):  0.8-1.3 (m, 18H, 
CH2 from tetramethylcyclohexyl ring, both isomers), 1.8 (apparent doublet, 1H, CH 
from tetramethylcyclohexyl ring, both isomers), 2.9-3.1 (m, 1H, CH of both 
isomers), 6.6 (m, 1H, Cp CH of both isomers), 6.8 (m, 1H, Cp CH of both isomers), 
7.0-7.5 (m, 4H, Ind CH of both isomers).  
 Synthesis of bis(3-(3,3,5,5-tetramethylcyclohexyl)indene)dimethylsilane. 
In a nitrogen filled glove box, 3-(3,3,5,5-tetramethylcyclohexyl)indene (3.709 g, 
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0.0145 mol) was charged to a 200 mL recovery flask and dissolved in 100 mL of 
diethyl ether. The flask was equipped with a 180° needle valve and was then moved 
to a vacuum line and put under positive nitrogen pressure. The solution was chilled 
to 0°C and then 6.4 mL (1.1 eq. 2.5 M in hexanes) of n-butyl lithium was injected 
slowly. The reaction was allowed to stir for 2 hours at 0°C and then warmed to room 
temperature and stirred for an additional twelve hours. .9 mL (0.5 eq.) of 
dichlorodimethylsilane was then injected slowly into the recovery flask.  The 
reaction was sealed and allowed to stir for an additional twelve hours. The solvent 
was then removed in vacuo to yield the title compound in 95% yield. 1H NMR 
(C6D6):  -0.6 (s, 6H, SiCH3 of one diastereomer), -0.4 (s, 6H, SiCH3 of other 
diastereomer), 0.8-1.3 (m, 36H, CH2 from tetramethylcyclohexyl ring, both isomers), 
1.8 (apparent doublet, 2H, CH from tetramethylcyclohexyl ring, both isomers), 3.4 
(dd, 1H, Cp CH from both diastereomers), 5.9 (apparent singlet, 1H, Cp CH from one 
diasteromer), 6.1 (apparent singlet, 1H, Cp CH from one diasteromer), 6.8-7.6 (m, 
4H, Ind CH of both diastereomers). 
 Synthesis of dimethylsilylbis(3-(3,3,5,5-tetramethylcyclohexyl)indene) 
zirconium dichloride. Bis(3-(3,3,5,5-tetramethylcyclohexyl)indene)dimethylsilane 
(3.924 g) was charged to a 200 mL recovery flask equipped with a 180° needle valve 
flushed with nitrogen and then dissolved with 100 mL of diethyl ether via vacuum 
transfer. 6.4 mL (1.1 eq., 2.5 M in hexanes) of n-butyl lithium was then injected 
slowly as the reaction warmed to room temperature. The reaction was allowed to stir 
for 12 hours while slowly warming to room temperature. The diethyl ether was then 
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removed in vacuo to yield the dilithium salt of the ligand which was transported to a 
nitrogen filled glove box. The recovery flask was then charged with 3.351 g of 
zirconium tetrachloride and 100 mL of diethyl ether. The reaction was then returned 
to the vacuum line to stir for 24 hours. The solvent was removed in vacuo and the 
reaction was again returned to the glove box where the title compound was dissolved 
in toluene and the recovery flask was attached to a swivel frit. The swivel frit was 
put back onto the vacuum line and flipped to remove all lithium chloride from the 
reaction. The swivel frit was washed repeatedly to remove all catalyst from the 
lithium chloride filter cake. The toluene was then removed in vacuo and diethyl ether 
was added via vacuum transfer. The solution was concentrated until the catalyst 
crashed out of solution and then the swivel frit was flipped again to isolate the 
catalyst as a mixture of isomers (2.645 g, 50% yield). 1H NMR (C6D6):  0.6 (s, 3H, 
SiCH3, meso diastereomer), 0.65 (s, 6H, SiCH3, rac diastereomer), 0.85 (s, 3H, 
SiCH3, meso diastereomer), 0.9-1.2 (m, 36H, CH2 of tetramethylcyclohexyl ring both 
diasteromers), 2.0 (apparent doublet, 2H, CH from tetramethylcyclohexyl ring, both 
isomers), 3.4 (dd, 1H, Cp CH from both diastereomers), 5.9 (s, 1H, Cp CH, meso 
diastereomer), 6.1 (s, 1H, Cp CH, rac diastereomer), 6.8-7.8 (m, 4H, Ind CH, both 
diastereomers). 
 Isolating rac-dimethylsilylbis(3-(3,3,5,5-tetramethylcyclohexyl)indene) 
zirconium dichloride. In a nitrogen filled glove box, the mixture of isomers of 
dimethylsilylbis(3-(3,3,5,5-tetramethylcyclohexyl)indene)zirconium dichloride was 
charged to a 50 mL recovery flask and dissolved in toluene. The solution was 
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attached to a swivel frit and put on a vacuum line. The solution was concentrated 
down until a powder crashed out of solution and then filtered without washing. The 
solvent was removed in vacuo and the filter cake was identified as the meso isomer, 
the residue in the lower part of the frit was identified as the rac isomer. The lower 
residue was dissolved in diethyl ether and attached to a swivel frit. The solution was 
concentrated down until the rac isomer crashed out of solution. The swivel frit was 
flipped and the title compound was isolated. 1H NMR (C6D6):  0.65 (s, 6H, SiCH3), 
0.9-1.2 (m, 36H, CH2 of tetramethylcyclohexyl ring), 2.1 (apparent s, 2H, CH from 
tetramethylcyclohexyl ring), 3.4 (dd, 1H, Cp CH), 6.1 (s, 1H, Cp CH, rac 
diastereomer), 6.9 (dd, 2H, Ind CH), 7.1 (dd, 2H, Ind CH), 7.4 (d, 2H, Ind CH), 7.7 
(d, 2H, Ind CH). 
 Synthesis of cyclododecanol. In a nitrogen-filled glove box, a 500 mL round 
bottomed flask was charged with 1.6 g (0.042 mol) of lithium aluminum hydride and 
dissolved in 100 mL of diethyl ether. The round bottomed was equipped with a 150 
mL addition funnel charged with 5.070 g (0.028 mol) of cyclododecanone dissolved 
in 125 mL of diethyl ether. The reaction apparatus was taken into a hood and put 
under a flow of dried nitrogen gas and the round bottomed flask was cooled to 0°C.  
The contents of the addition funnel were added dropwise over an hour and the 
reaction was then stirred for eight hours, slowly warming to room temperature. The 
title compound was isolated to obtain 3.67 g for a 61.20% yield. 1H NMR (CDCl3):  
1.1-1.5 (m, 18H, CH2), 1.6-1.8 (m, 4H, CH2), 3.85 (apparent s, 1H, CHOH). 
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 Synthesis of cyclododecyltosylate.35 A 500 mL round bottomed flask was 
charged with 3.67 g of cyclododecanol, 6.979 g of p-toluenesulfonic chloride and 
250 mL of pyrridine. The reaction was stirred for 8 hours. The title compound was 
extracted with three 100 mL portion of diethyl ether.  The ether layer was then 
washed with 100 mL 2M HCl, 100 mL sodium bicarbonate, 150 mL water, 100 mL 
brine, independently and in that order. Then dried with magnesium sulfate, filtered 
and the solvent was removed in vacuo to yield 4.302 g of the title compound. 1H 
NMR (CDCl3):  1.1-1.5 (m, 18H, CH2), 1.6-1.8 (m, 4H, CH2), 2.35 (s, 1H, CH3), 4.6 
(m, 1H, CHO), 7.3 (d, 2H, CH), 7.8 (d, 2H, CH). 
 Synthesis of 3-cyclododecylindene. In a nitrogen filled glove box, 4.302 g ( 
0.010 mol) of cyclododecyltosylate was charged to a 200 mL recovery flask and 
diluted with 50 mL of diethyl ether. In a separate flask, 1.540 g (0.010 mol) of 
indenyl lithium was dissolved in an additional 50 mL of diethyl ether and transferred 
into the recovery flask.  The recovery flask was sealed to the atmosphere with a 180° 
needle valve and put on a vacuum line to stir under nitrogen for 72 hours. The 
solvent was then removed in vacuo and returned to the glove box where the product 
was dissolved in 100 mL of pentane in the recovery flask and was attached to a 
swivel frit. The solution was then filtered to remove all lithium bromide. The product 
was isolated by removing the solvent in vacuo to yield 1.472 grams for a 42% yield. 
1H NMR (CDCl3):  1.0-1.9 (m, 23H, CH2 and CH from cyclododecyl ring, both 
isomers), 3.4-3.5 (m, 1H, CH of both isomers), 6.6 (m, 1H, Cp CH of both isomers), 
6.8 (m, 1H, Cp CH of both isomers), 7.1-7.6 (m, 4H, Ind CH of both isomers). 
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 Synthesis of bis(3-cyclododecylindene)dimethylsilane. In a nitrogen filled 
glove box, 3-cyclododecylindene (1.472 g, 0.006 mol) was charged to a 200 mL 
recovery flask and dissolved in 100 mL of diethyl ether. The flask was equipped with 
a 180° needle valve and was then moved to a vacuum line and put under positive 
nitrogen pressure. The solution was chilled to 0°C and then 2.5 mL (1.1 eq. 2.5 M in 
hexanes) of n-butyl lithium was injected slowly. The reaction was allowed to stir for 
2 hours at 0°C and then warmed to room temperature and stirred for an additional 
twelve hours. 0.35 mL (0.5 eq.) of dichlorodimethylsilane was then injected slowly 
into the recovery flask.  The reaction was sealed and allowed to stir for an additional 
twelve hours. The solvent was then removed in vacuo to yield the title compound in 
91% yield. 1H NMR (C6D6):  -0.5 (s, 6H, SiCH3 of one diastereomer), -0.3 (s, 6H, 
SiCH3 of other diastereomer), 1.0-1.9 (m, 46H, CH2 and CH from cyclododecyl ring, 
both isomers), 3.4 (m, 2H, CH from both diastereomers), 6.0 (apparent singlet, 1H, 
Cp CH from one diasteromer), 6.3 (apparent singlet, 1H, Cp CH from one 
diasteromer), 7.0-7.7 (m, 8H, Ind CH of both diastereomers). 
 Synthesis of dimethylsilylbis(3-cyclododecylindene)zirconium dichloride. 
Bis(3-cyclododecylindene)dimethylsilane (1.501 g) was charged to a 200 mL 
recovery flask equipped with a 180° needle valve flushed with nitrogen and then 
dissolved with 100 mL of diethyl ether via vacuum transfer. 2.5 mL (1.1 eq., 2.5 M 
in hexanes) of n-butyl lithium was then injected slowly as the reaction warmed to 
room temperature. The reaction was allowed to stir for 12 hours while slowly 
warming to room temperature. The diethyl ether was then removed in vacuo to yield 
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the dilithium salt of the ligand which was transported to a nitrogen filled glove box. 
The recovery flask was then charged with 0.68 g of zirconium tetrachloride and 100 
mL of diethyl ether. The reaction was then returned to the vacuum line to stir for 24 
hours. The solvent was removed in vacuo and the reaction was again returned to the 
glove box where the title compound was dissolved in toluene and the recovery flask 
was attached to a swivel frit. The swivel frit was put back onto the vacuum line and 
flipped to remove all lithium chloride from the reaction. The swivel frit was washed 
repeatedly to remove all catalyst from the lithium chloride filter cake. The toluene 
was then removed in vacuo and diethyl ether was added via vacuum transfer. The 
solution was concentrated until the catalyst crashed out of solution and then the 
swivel frit was flipped again to isolate the catalyst as a mixture of isomers (1.011 g, 
49% yield). 1H NMR (C6D6):  0.5 (s, 3H, SiCH3, meso diastereomer), 0.6 (s, 6H, 
SiCH3, rac diastereomer), 0.8 (s, 3H, SiCH3, meso diastereomer), 1.0-2.2 (m, 46H, 
CH2 of cyclododecyl ring both diasteromers), 3.2-3.6 (m, 2H, and CH of 
cyclododecyl ring both diasteromers), 5.9 (s, 1H, Cp CH, meso diastereomer), 6.0 (s, 
1H, Cp CH, rac diastereomer), 6.8-7.7 (m, 4H, Ind CH, both diastereomers). 
 Isolating rac-dimethylsilylbis(3-cyclododecylindene)zirconium dichloride. 
In a nitrogen filled glove box, the mixture of isomers of dimethylsilylbis(3-
cyclododecylindene)zirconium dichloride was charged to a 50 mL recovery flask and 
dissolved in toluene. The solution was attached to a swivel frit and put on a vacuum 
line. The solution was concentrated down until a powder crashed out of solution and 
then filtered without washing. The solvent was removed in vacuo and the filter cake 
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was identified as the meso isomer, the residue in the lower part of the frit was 
identified as the rac isomer. The lower residue was dissolved in diethyl ether and 
attached to a swivel frit. The solution was concentrated down until the rac isomer 
crashed out of solution. The swivel frit was flipped and the title compound was 
isolated. 1H NMR (C6D6):  0.6 (s, 6H, SiCH3), 1.3 (m, 32H, CH2 of cyclododecyl 
ring), 1.7 (tt, 8H, CH2 of cyclododecyl ring), 1.9 (tt, 8H, CH2 of cyclododecyl ring), 
2.1 (dt, 8H, CH2 of cyclododecyl ring), 3.3 (t, 2H, CH of cyclododecyl ring), 6.0 (s, 
1H, Cp CH, rac diastereomer), 6.9 (dd, 2H, Ind CH), 7.1 (dd, 2H, Ind CH), 7.4 (d, 
2H, Ind CH), 7.7 (d, 2H, Ind CH). 
 Synthesis of benzhydryltosylate.35 A 500 mL round bottomed flask was 
charged with 36.858 g of benzhydrol, 38.454 g of p-toluenesulfonic chloride and 250 
mL of pyrridine. The reaction was stirred for 8 hours. The title compound was 
extracted with three 100 mL portion of diethyl ether.  The ether layer was then 
washed with 100 mL 2M HCl, 100 mL sodium bicarbonate, 150 mL water, 100 mL 
brine, independently and in that order. Then dried with magnesium sulfate, filtered 
and the solvent was removed in vacuo to yield 5.712 g of the title compound. 1H 
NMR (CDCl3):  2.2 (s, 3H, CH3), 3.4 (s, 1H, CHO), 7.2-7.8 (m, 14H, CH). 
 Synthesis of 3-benzhydrylindene. In a nitrogen filled glove box, 5.712 g 
(0.016 mol) of benzhydryltosylate was charged to a 200 mL recovery flask and 
diluted with 50 mL of diethyl ether. In a separate flask, 2.05 g (0.016 mol) of indenyl 
lithium was dissolved in an additional 50 mL of diethyl ether and transferred into the 
recovery flask.  Additionally, 2 mL of tetramethylethylenediamine (TMEDA) was 
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added to act as a lithium scavenger in hopes of a higher yield. The recovery flask was 
sealed to the atmosphere and put on a vacuum line to stir under nitrogen for 72 hours. 
The solvent was then removed in vacuo and returned to the glove box where the 
product was dissolved in 100 mL of pentane in the recovery flask and was attached to 
a swivel frit. The solution was then filtered to remove all lithium bromide. The 
product was isolated by removing the solvent in vacuo to yield 1.337 grams for a 
40.21% yield.  2.3 (s, 1H, CH, both isomers), 2.7 (s, 1H, CH of both isomers), 5.5 
(m, 1H, Cp CH of both isomers), 5.9 (m, 1H, Cp CH of both isomers), 7.1-7.7 (m, 
14H, Ind and Ph CH of both isomers). 
 Synthesis of bis(3-benzhydrylindene)dimethylsilane. In a nitrogen filled 
glove box, 3-benzhydrylindene (1.337 g, 0.0047 mol) was charged to a 200 mL 
recovery flask and dissolved in 100 mL of diethyl ether. The flask was equipped with 
a 180° needle valve and was then moved to a vacuum line and put under positive 
nitrogen pressure. The solution was chilled to 0°C and then 2.1 mL (1.1 eq. 2.5 M in 
hexanes) of n-butyl lithium was injected slowly. The reaction was allowed to stir for 
2 hours at 0°C and then warmed to room temperature and stirred for an additional 
twelve hours. 0.3 mL (0.5 eq.) of dichlorodimethylsilane was then injected slowly 
into the recovery flask.  The reaction was sealed and allowed to stir for an additional 
twelve hours. The solvent was then removed in vacuo to yield the title compound in 
75% yield. 1H NMR (C6D6):  -0.5 (s, 6H, SiCH3 of one diastereomer), -0.3 (s, 6H, 
SiCH3 of other diastereomer), 3.4 (m, 2H, CH from both diastereomers), 6.0 
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(apparent singlet, 1H, Cp CH from one diasteromer), 6.3 (apparent singlet, 1H, Cp 
CH from one diasteromer), 7.0-7.7 (m, 28H, Ind and Ph CH of both diastereomers). 
 Synthesis of dimethylsilylbis(3-benzhydrylindene) zirconium dichloride. 
Bis(3-benzhydrylindene)dimethylsilane (1.310 g) was charged to a 200 mL recovery 
flask equipped with a 180° needle valve flushed with nitrogen and then dissolved 
with 100 mL of diethyl ether via vacuum transfer. 2.1 mL (1.1 eq., 2.5 M in hexanes) 
of n-butyl lithium was then injected slowly as the reaction warmed to room 
temperature. The reaction was allowed to stir for 12 hours while slowly warming to 
room temperature. The diethyl ether was then removed in vacuo to yield the 
dilithium salt of the ligand which was transported to a nitrogen filled glove box. The 
recovery flask was then charged with 0.84 g of zirconium tetrachloride and 100 mL 
of diethyl ether. The reaction was then returned to the vacuum line to stir for 24 
hours. The solvent was removed in vacuo and the reaction was again returned to the 
glove box where the title compound was dissolved in toluene and the recovery flask 
was attached to a swivel frit. The swivel frit was put back onto the vacuum line and 
flipped to remove all lithium chloride from the reaction. The swivel frit was washed 
repeatedly to remove all catalyst from the lithium chloride filter cake. The toluene 
was then removed in vacuo and diethyl ether was added via vacuum transfer. The 
solution was concentrated until the catalyst crashed out of solution and then the 
swivel frit was flipped again to isolate the catalyst as a mixture of isomers (0.867 g, 
49.20% yield). 1H NMR (C6D6):  0.1 (s, 3H, SiCH3, meso diastereomer), 0.4 (s, 6H, 
SiCH3, rac diastereomer), 0.5 (s, 3H, SiCH3, meso diastereomer), 2.1 (m, 2H, CH of 
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both diasteromers), 6.0 (s, 1H, Cp CH, meso diastereomer), 6.1 (s, 1H, Cp CH, rac 
diastereomer), 6.7-7.8 (m, 28H, Ind and Ph CH, both diastereomers). 
 Isolating rac-dimethylsilylbis(3-cyclohexbenzhydrylindene) zirconium 
dichloride. In a nitrogen filled glove box, the mixture of isomers of 
dimethylsilylbis(3-cyclohexbenzhydrylindene)zirconium dichloride was charged to a 
50 mL recovery flask and dissolved in toluene. The solution was attached to a swivel 
frit and put on a vacuum line. The solution was concentrated down until a powder 
crashed out of solution and then filtered without washing. The solvent was removed 
in vacuo and the filter cake was identified as the meso isomer, the residue in the 
lower part of the frit was identified as the rac isomer. The lower residue was 
dissolved in diethyl ether and attached to a swivel frit. The solution was concentrated 
down until the rac isomer crashed out of solution. The swivel frit was flipped and the 
title compound was isolated. 1H NMR (C6D6):  0.4 (s, 6H, SiCH3), 2.1 (s, 2H, CH), 
6.1 (s, 1H, Cp CH, rac diastereomer), 6.7-7.8 (m, 28H, Ind and Ph CH). 
 Synthesis of 2-adamantanol. In a nitrogen-filled glove box, a 500 mL round 
bottomed flask was charged with 6.102 g (0.1607 mol) of lithium aluminum hydride 
and dissolved in 100 mL of THF. The round bottomed flask was equipped with a 150 
mL addition funnel charged with 15.016 g (0.1607 mol) of 2-adamantanone 
dissolved in 125 mL of THF. The reaction apparatus was taken into a hood and put 
under a flow of dried nitrogen gas and the round bottomed flask was cooled to 0°C.  
The contents of the addition funnel were added dropwise over an hour and the 
reaction was then stirred for eight hours, slowly warming to room temperature. The 
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title compound was isolated to obtain 11.589 g for a 76.02 percent yield. 1H NMR 
(CDCl3):  1.5 (m, 4H, CH2), 1.6-2.0 (m, 6H, CH2 and CH), 2.1 (m, 4H, CH2), 3.85 
(apparent s, 1H, CHOH). 
 Synthesis of 2-adamantyltosylate.35 A 500 mL round bottomed flask was 
charged with 11.589 g of 2-adamantanol, 35.902 g of p-toluenesulfonic chloride and 
250 mL of pyrridine. The reaction was stirred for 8 hours. The title compound was 
extracted with three 100 mL portion of penis diethyl ether.  The ether layer was then 
washed with 100 mL 2M HCl, 100 mL sodium bicarbonate, 150 mL water, 100 mL 
brine, independently and in that order. Then dried with magnesium sulfate, filtered 
and the solvent was removed in vacuo to yield 19.330 g of the title compound. 1H 
NMR (CDCl3):  1.5 (m, 4H, CH2), 1.6-2.0 (m, 6H, CH2 and CH), 2.1 (m, 4H, CH2), 
2.35 (s, 1H, CH3), 4.7 (m, 1H, CHO), 7.3 (d, 2H, CH), 7.8 (d, 2H, CH). 
 Synthesis of 3-(2-adamantyl)indene.  In a nitrogen filled glove box, 19.330 
g (0.062 mol)  of 2-adamantyltosylate was charged to a 200 mL recovery flask and 
diluted with 50 mL of diethyl ether. In a separate flask, 7.59 g (0.062 mol) of indenyl 
lithium was dissolved in an additional 50 mL of diethyl ether and transferred into the 
recovery flask. Additionally 2 mL of tetramethylethylenediamine (TMEDA) was 
added to act as a lithium scavenger to increase yield of the title compound.  The 
recovery flask was sealed to the atmosphere and put on a vacuum line to stir under 
nitrogen for 72 hours. The solvent was then removed in vacuo and returned to the 
glove box where the product was dissolved in 100 mL of pentane in the recovery 
flask and was attached to a swivel frit. The solution was then filtered to remove all 
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lithium bromide. The product was isolated by removing the solvent in vacuo to yield 
12.767 grams for a 49.58% yield. 1H NMR (CDCl3):  1.4-2.4 (m, 15H, CH2 and CH 
from adamantyl, both isomers), 4.4 (m, 1H, CH of both isomers), 6.4 (m, 1H, Cp CH 
of both isomers), 6.6 (m, 1H, Cp CH of both isomers), 7.2-7.8 (m, 4H, Ind CH of 
both isomers). 
 Synthesis of bis(3-(2-adamantylindene)dimethylsilane. In a nitrogen filled 
glove box, 2-adamantylindene (12.767 g, 0.051 mol) was charged to a 200 mL 
recovery flask and dissolved in 100 mL of diethyl ether. The flask was equipped with 
a 180° needle valve and was then moved to a vacuum line and put under positive 
nitrogen pressure. The solution was chilled to 0°C and then 18.3 mL (1.1 eq. 2.77 M 
in hexanes) of n-butyl lithium was injected slowly. The reaction was allowed to stir 
for 2 hours at 0°C and then warmed to room temperature and stirred for an additional 
twelve hours. 3.1 mL (0.5 eq.) of dichlorodimethylsilane was then injected slowly 
into the recovery flask.  The reaction was sealed and allowed to stir for an additional 
twelve hours. The solvent was then removed in vacuo to yield the title compound in 
93% yield. 1H NMR (C6D6):  -0.6 (s, 6H, SiCH3 of one diastereomer), -0.2 (s, 6H, 
SiCH3 of other diastereomer), 1.4-2.4 (m, 30H, CH2 and CH from adamantyl, both 
isomers), 3.8 (m, 2H, CH from both diastereomers), 5.9 (apparent singlet, 1H, Cp CH 
from one diasteromer), 6.2 (apparent singlet, 1H, Cp CH from one diasteromer), 6.9-
7.6 (m, 8H, Ind CH of both diastereomers). 
 Synthesis of dimethylsilylbis (3-(2-adamantyl)indene) zirconium 
dichloride. Bis(3-(2-adamantylindene)dimethylsilane (12.891 g) was charged to a 
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200 mL recovery flask equipped with a 180° needle valve flushed with nitrogen and 
then dissolved with 100 mL of diethyl ether via vacuum transfer. 18.3 mL (1.1 eq., 
2.77 M in hexanes) of n-butyl lithium was then injected slowly as the reaction 
warmed to room temperature. The reaction was allowed to stir for 12 hours while 
slowly warming to room temperature. The diethyl ether was then removed in vacuo 
to yield the dilithium salt of the ligand which was transported to a nitrogen filled 
glove box. The recovery flask was then charged with 5.285 g of zirconium 
tetrachloride and 100 mL of diethyl ether. The reaction was then returned to the 
vacuum line to stir for 24 hours. The solvent was removed in vacuo and the reaction 
was again returned to the glove box where the title compound was dissolved in 
toluene and the recovery flask was attached to a swivel frit. The swivel frit was put 
back onto the vacuum line and flipped to remove all lithium chloride from the 
reaction. The swivel frit was washed repeatedly to remove all catalyst from the 
lithium chloride filter cake. The toluene was then removed in vacuo and diethyl ether 
was added via vacuum transfer. The solution was concentrated until the catalyst 
crashed out of solution and then the swivel frit was flipped again to isolate the 
catalyst as a mixture of isomers (4.812 g, 50% yield). 1H NMR (C6D6):  0.6 (s, 3H, 
SiCH3, meso diastereomer), 0.75 (s, 6H, SiCH3, rac diastereomer), 0.9 (s, 3H, SiCH3, 
meso diastereomer), 1.4-2.4 (m, 30H, CH2 and CH from adamantyl, both 
diastereomers), 4.8 (m, 2H, and CH of cyclododecyl ring both diasteromers), 5.9 (s, 
1H, Cp CH, meso diastereomer), 6.2 (s, 1H, Cp CH, rac diastereomer), 6.7-7.6 (m, 
8H, Ind CH, both diastereomers). 
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 Instrumentation.  1H NMR spectra of the ligands were recorded on a 
Mercury 300 spectrometer at room temperature using standard parameters.   
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CHAPTER III 
POLYMERIZATION OF PROPYLENE USING THE C2-
SYMMETRIC CATALYSTS 
Introduction 
 The underlying goal of utilizing the C2 symmetric catalysts was to observe the 
 parameter of the polymer that was generated.  This was accomplished using high 
temperature 13C NMR pentad analysis of the polypropylenes. The theoretical 
percentages for the distribution of pentads for any given  value can be easily 
calculated. Based on the enantiomorphic site control model, the probability of si 
insertion is calculated as  and the probability of the re insertion is calculated as (1- 
).24 Therefore, the theoretical percentage of the [mmmm] pentad can be calculated 
using the formula  5 + (1-)5. Likewise, the theoretical percentage of the [rmmr] 
pentad is given by the formula 3(1-)2 + 2(1- )3. The remaining seven pentads can 
also be calculated in a similar fashion. 
 Using these theoretical percentages, the experimental percentages of the 
pentad distribution can be compared to the theoretical values. Observing the 
differences between the distributions the  parameter of the polymer can be 
calculated. Similar catalyst systems to the ones that are being utilized have shown the 
formation of poorly isotactic polypropylene. In addition, the intention in the 
synthesis of these catalyst systems is to synthesize stereoblocks of isotactic 
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polypropylene. As such, it is expected that the pentad distribution percentage will 
favor the [mmmm] dyad and that all  parameters will be greater than 0.50.   
Results and Discussion 
 Following the synthesis of the catalysts shown in Figure 3.1, propylene was 
polymerized, and the  value was determined. The propylene synthesized was said to 
be elastomeric when  = 0.78. When , the enantiofacial selectivity parameter is 
equal to 0.78 the catalyst should polymerize on average 2.83 blocks of isotactic 
polymer by repeatedly inserting the Si or Re face of the -olefin.  The stereoblocks of 
isotactic polypropylene will give a small percentage of crystallinity to the polymer, 
~3%. The first catalyst that was used was the dimethylsilyl-bis(3-
cyclopentylindene)zirconium dichloride [2]. Multiple polymerizations were 
performed at ten minute runs with different equivalents of methylalumoxane (MAO). 
The ideal Al:Zr ratio was determined to be 1000. All other polymerizations were then 
run using 1000 equivalents of MAO.  
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Figure 3.1: The five catalysts that were synthesized for the polymerization of 
propylene. 
42
 Catalyst structure, though similar, had varying activities which was expected 
to some extent. The size of the ligand surrounding the active site certainly has an 
effect on the activity; however, also it is know that each individual catalyst has an 
optimum Al:Zr ratio for high polymerization activity.36 Therefore, despite the 
varying numbers in activity, the MAO concentration was held constant for the 
polymerizations.  The activity of the different catalysts with 1000 equivalents of 
MAO is shown in table 3.1. 
 
 
  
 The determination of the enantiofacial selectivity parameter () for each 
polymer was calculated using pentad analysis of each polymer.  The peaks in the 
methyl region (19-22 ppm) of the 13C NMR spectra were analyzed and integrated to 
get a percentage of each pentad present in the given polymer.37 A typical 13C NMR 
spectra is shown in figure 3.2. A correlation could then be developed between the 
steric bulk of the catalyst and the enantiofacial selectivity of the catalyst system.  
Catalyst g PP
Activity               
(kg PP/mol Zr · hr)
1 2.110 1403.86
2 7.510 7570.72
3 1.530 1017.96
4 0.240 159.68
5 0.871 579.51
Table 3.1: The average activity of catalysts 1-5. a 
a
 Determined through an average of five polymerizations with each catalyst system. 
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When looking at the polymers the most obvious place to start with was the 
dimethylsilyl-bis(3-isopropylindene)zirconium dichloride [1] since it was already 
known that this catalyst was not capable of generating highly isotactic 
polypropylene. The pentad analysis showed that there almost an equal amount of the 
[m] and [r] dyads which gave us an  value of 0.620 for the polymer, indicating only 
slightly more preference for the insertion of one enantioface over the 
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Figure 3.2: A representative spectrum for a polypropylene sample synthesized by catalyst 
[1]. 
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other. As we increased the steric bulk of the catalyst, we observed an increase in the 
isotactic character of the polymer. The most isotactic polymer we observed was the 
one generated by dimethylsilyl–bis(3-(3,3,5,5-tetramethylcyclohexylindene) 
zirconium dichloride [4] which had an observed  value of 0.910.  
 The results of the polymerizations are shown in Table 3.2 below.  For each of 
the polymers, the given percentages for each pentad in the polymer were compared to 
the theoretical percentage of that pentad for a given epsilon value.  The smallest 
difference between the theoretical and experimental values was found, which gave 
the epsilon parameter for the given polymer. 
 
 When we calculated the sigma parameter for the polymer from the 
dimethylsilyl-bis(3-cyclohexylindene)zirconium dichloride [3] catalyst to be 0.550 
and for the polymer from the dimethylsilyl –bis (3- (3,3,5,5-
tetramethylcyclohexylindene)zirconium dichloride [5] to be 0.910. Since these two 
Table 3.2: Pentad data and epsilon value for polypropylene corresponding to catalyst.a 
a
 Determined by an average of 5 runs with each catalyst. 
Metallocene 1 2 3 4 5
[mmmm ] 15.89 16.11 11.73 57.49 24.07
[mmmr ] 13.94 13.55 14.12 15.12 16.65
[rmmr ] 7.51 6.33 6.83 0.51 6.59
[mmrr ] 15.03 14.01 14.43 9.42 16.38
[mmrm ] + [rrmr ] 16.08 15.08 18.36 6.96 12.61
[mrmr ] 8.82 8.92 9.50 4.71 6.53
[rrrr ] 5.96 6.57 6.78 1.05 4.76
[rrrm ] 9.87 10.06 10.19 0.08 6.44
[mrrm ] 6.89 9.37 8.05 4.65 5.97
 0.620 0.624 0.578 0.910 0.726
rms 0.1225 0.1347 0.0903 0.1257 0.1519
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catalysts straddle the ideal value of 0.78 we began investigating catalysts that would 
have steric bulk fitting between those two catalysts. We also noticed the pentad 
distribution for the polymer from the dimethylsilyl- bis(3-cyclohexylindene) 
zirconium dichloride [3] catalyst and polymer from the dimethylsilyl-bis(3-
cyclododecylindene) zirconium dichloride [5] catalyst.  The high percentage of the 
[mmmm] pentad indicated the possibility of the resulting polymer possibly being 
governed by the ring size of the substituent.  
Experimental  
 Materials.  All polymerizations were carried out using polypropylene that 
was dried. All stock solutions of the catalyst used for polymerization were made in 
toluene which was dried over Na0/benzophenone and was stored in a Straus flask in a 
nitrogen-filled glove box. MAO was purchased as a solution and concentrated to 
dryness and used as a solid. Tetrachloroethane-d2 was used directly from the 
manufacturer for high temperature 13C NMR spectra.   
 General polymerization procedure.  In a nitrogen-filled glove box, a 150 
mL reactor was charged with an appropriate amount of MAO (1000 equivalents) and 
sealed from the atmosphere. Also, a gastight syringe was charged with one mL of the 
catalyst solution (Catalysts 1-4 3.0 mM, 3mol Zr, Catalyst 5 0.3 mM, 0.3mol Zr) 
and then sealed to the air with a septum. The reactor was cooled to 0 °C and purged 
for one minute. 30 mL of propylene were then condensed in over the MAO and the 
propylene supply was removed.  The catalyst solution was then injected into the 
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reactor and the polymerization was stirred at 0 °C for thirty minutes.  The reactor 
was vented and the catalyst was quenched with five milliliters of acidic methanol. 
The polymer was then removed from the reactor and stirred in methanol for 4 hours 
and then filtered and washed with additional methanol.  The polymer was then dried 
in vacuo and weighed. 
 Instrumentation.  All proton decoupled 13C NMR spectra were taken on an 
INOVA 300 at 75MHz and 110°C for at least 1000 scans. The methyl region for 
polypropylene (19-22 ppm) was observed. 
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CHAPTER IV 
SUMMARY AND CONCLUSIONS 
 
 
 The polymerization of propylene was performed using a C2-symmetric 
catalyst with intent to yield elastomeric polypropylene (ePP). Utilizing a C2- 
symmetric catalyst for such a goal is far easier than other methods available because 
the catalyst has two equivalent sites for propagation of the polymer, therefore 
eliminating error from site epimerization24 as the polymerization proceeds.  
 The results of this study show that there is need for continued study in the 
area.  However, determining the steric bulk needed seems to be the most puzzling as 
we have noted that strangely enough the  value of the polymer starts to fall as you 
increase the ring size of the substituent from a five membered ring to a six membered 
ring. However, once the indenes are substituted with the twelve member ring, 
cyclododecane, the observed  value moves considerably higher. However, multiple 
substitutions on a cyclohexyl substituent such as the use of 3,3,5,5-
tetramethylcyclohexyl groups causes a massive increase in the isotactic character. 
 The effect of the ring size of the substitution on the ligand should be 
investigated to determine when the  value begins to rise again, and to determine if 
using an even larger cycloalkane ring will produce ePP. Another area to examine is 
the effects of substitution on the cyclohexyl substituent.  As noted earlier, 
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dimethylsilyl-bis(3-cyclohexylindene)zirconium dichloride [3] synthesized 
polypropylene with an observed  of 0.550 while dimethylsilyl –bis (3- (3,3,5,5-
tetramethylcyclohexylindene)zirconium dichloride [5] synthesized polypropylene 
with  calculated to be 0.910. Using the knowledge that has been obtained, this 
catalysts system should be able to polymerize polypropylene with an epsilon value of 
0.78 and thus be considered elastomeric polypropylene. 
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APPENDIX A 
NMR SPECTRA 
 Chapter III: 13C NMR spectra of polypropylenes from catalysts 1-5. 
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Figure A-1: 13C NMR spectrum of the methyl region for polypropylene prepared with 
[4]/MAO. Pentad percentages: [mmmm] = 57.49, [mmmr] = 15.12, [rmmr] =0.51, [mmrr] 
= 9.42, [mmrm] + [rrmr] = 6.96, [mrmr] = 4.71, [rrrr] = 1.05, [rrrm] = 0.08, [mrrm] = 
4.65 
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Figure A-2: 13C NMR spectrum of the methyl region for polypropylene prepared with 
[4]/MAO. Pentad percentages: [mmmm] = 61.67, [mmmr] = 9.91, [rmmr] = 3.28, [mmrr] 
= 10.84, [mmrm] + [rrmr] = 5.62, [mrmr] = 1.44, [rrrr] = 1.78, [rrrm] = 0.66, [mrrm] = 
4.79 
 
55
19.619.719.819.92020.120.220.320.420.520.620.720.820.92121.121.221.321.421.521.621.721.821.922
ppm
 
Figure A-3: 13C NMR spectrum of the methyl region for polypropylene prepared with 
[4]/MAO. Pentad percentages: [mmmm] = 57.23, [mmmr] = 14.90, [rmmr] = 2.45, [mmrr] 
= 9.18, [mmrm] + [rrmr] = 5.19, [mrmr] = 2.28, [rrrr] = 0.84, [rrrm] = 2.00, [mrrm] = 
5.93 
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Figure A-4: 13C NMR spectrum of the methyl region for polypropylene prepared with 
[1]/MAO. Pentad percentages: [mmmm] = 15.89, [mmmr] = 13.94, [rmmr] =7.51, [mmrr] 
= 15.03, [mmrm] + [rrmr] = 16.08, [mrmr] = 8.82, [rrrr] = 5.96, [rrrm] = 9.87, [mrrm] = 
6.89 
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Figure A-5: 13C NMR spectrum of the methyl region for polypropylene prepared with 
[1]/MAO. Pentad percentages: [mmmm] = 14.69, [mmmr] = 14.92, [rmmr] = 5.64, [mmrr] 
= 15.16, [mmrm] + [rrmr] = 16.86, [mrmr] = 9.22, [rrrr] = 6.73, [rrrm] = 9.63, [mrrm] = 
7.15 
 
58
19.619.719.819.92020.120.220.320.420.520.620.720.820.92121.121.221.321.421.521.621.721.821.922
ppm
 
Figure A-6: 13C NMR spectrum of the methyl region for polypropylene prepared with 
[1]/MAO. Pentad percentages: [mmmm] = 16.18, [mmmr] = 14.77, [rmmr] = 7.53, [mmrr] 
= 16.12, [mmrm] + [rrmr] = 16.24, [mrmr] = 7.19, [rrrr] = 6.60, [rrrm] = 9.68, [mrrm] = 
5.69 
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Figure A-7: 13C NMR spectrum of the methyl region for polypropylene prepared with 
[3]/MAO. Pentad percentages: [mmmm] = 11.73, [mmmr] = 14.12, [rmmr] = 6.83, [mmrr] 
= 14.43, [mmrm] + [rrmr] = 18.36, [mrmr] = 9.50, [rrrr] = 6.78, [rrrm] = 10.19, [mrrm] 
= 8.05 
 
60
19.619.719.819.92020.120.220.320.420.520.620.720.820.92121.121.221.321.421.521.621.721.821.922
ppm
 
Figure A-8: 13C NMR spectrum of the methyl region for polypropylene prepared with 
[3]/MAO. Pentad percentages: [mmmm] = 11.63, [mmmr] = 12.91, [rmmr] = 6.38, [mmrr] 
= 14.36, [mmrm] + [rrmr] = 18.12, [mrmr] = 10.50, [rrrr] = 6.41, [rrrm] = 11.35, [mrrm] 
= 8.33 
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Figure A-9: 13C NMR spectrum of the methyl region for polypropylene prepared with 
[3]/MAO. Pentad percentages: [mmmm] = 11.68, [mmmr] = 13.52, [rmmr] = 6.51, [mmrr] 
= 14.37, [mmrm] + [rrmr] = 18.24, [mrmr] = 10.12, [rrrr] = 6.84, [rrrm] = 10.11, [mrrm] 
= 8.02 
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Figure A-10: 13C NMR spectrum of the methyl region for polypropylene prepared with 
[5]/MAO. Pentad percentages: [mmmm] = 24.07, [mmmr] = 16.65, [rmmr] = 6.59, [mmrr] 
= 16.38, [mmrm] + [rrmr] = 12.61, [mrmr] = 6.53, [rrrr] = 4.76, [rrrm] = 6.44, [mrrm] = 
5.97 
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Figure A-11: 13C NMR spectrum of the methyl region for polypropylene prepared with 
[5]/MAO. Pentad percentages: [mmmm] = 21.05, [mmmr] = 17.31, [rmmr] = 6.51, [mmrr] 
= 14.89, [mmrm] + [rrmr] = 15.80, [mrmr] = 6.41, [rrrr] = 5.40, [rrrm] = 7.05, [mrrm] = 
5.58       
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Figure A-12: 13C NMR spectrum of the methyl region for polypropylene prepared with 
[2]/MAO. Pentad percentages: [mmmm] = 16.11, [mmmr] = 13.55, [rmmr] = 6.33, [mmrr] 
= 14.01, [mmrm] + [rrmr] = 15.08, [mrmr] = 8.92, [rrrr] = 6.57, [rrrm] = 10.06, [mrrm] 
= 9.37 
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Figure A-13: 13C NMR spectrum of the methyl region for polypropylene prepared with 
[2]/MAO. Pentad percentages: [mmmm] = 10.12, [mmmr] = 12.96, [rmmr] = 6.38, [mmrr] 
= 12.69, [mmrm] + [rrmr] = 18.70, [mrmr] = 7.97, [rrrr] = 10.15, [rrrm] = 11.76, [mrrm] 
= 9.27 
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